Introduction
The mesocorticolimbic dopamine (DA) system consists of projections from the ventral tegmental area (VTA) and substantia nigra (SN) to cortical and limbic structures such as the prefrontal cortex and nucleus accumbens (Björklund and Dunnett, 2007) . VTA DA neurons mediate responses to rewards and rewardpredicting stimuli, thus representing a key component of the reward learning circuitry (Kelley, 2004; Hyman et al., 2006) . VTA DA neuron output is dependent on glutamatergic input from cortical and subcortical brain regions (Carr and Sesack, 2000; Omelchenko and Sesack, 2005) . Glutamatergic neurotransmission in VTA DA neurons is strengthened following a single cocaine exposure (Ungless et al., 2001) and is critical for the development of behavioral sensitization (Robinson and Berridge, 2001; Kauer and Malenka, 2007) .
VTA DA neuron output is also sensitive to negative autocrine and paracrine ("long-loop") feedback mediated by D 2 DA receptors (D 2 Rs) and GABA B receptors (GABA B Rs), respectively (Einhorn et al., 1988; Sugita et al., 1992) . While repeated cocaine dosing has been shown to temper D 2 R-and GABA B R-dependent signaling in VTA DA neurons (Ackerman and White, 1990; Kushner and Unterwald, 2001) , acute effects of cocaine on these inhibitory pathways have not been reported. Postsynaptic inhibitory effects of GABA B R and D 2 R activation are mediated primarily by activation of G-protein-gated inwardly rectifying K ϩ (Girk/K IR 3) channels (Beckstead et al., 2004; Cruz et al., 2004; Labouèbe et al., 2007; Arora et al., 2010) . Recent work has shown that the strength of Girk signaling pathways can be modulated by diverse stimuli, including neuronal activity and opioids (Chung et al., 2009; Nassirpour et al., 2010) . Here, we examined whether the strength of Girk-dependent signaling in VTA DA neurons is affected by acute and repeated cocaine exposure.
Materials and Methods
Animals. Animal use was reviewed and approved by the Institutional Animal Care and Use Committee of the University of Minnesota. Adult male and female C57BL/6J (The Jackson Laboratory) were used to establish breeding cages; offspring were used for all studies. Mice were housed on a 12 h light/dark cycle, with food and water available ad libitum.
Drugs. Baclofen, quinpirole, cocaine hydrochloride, 7-chloro-3-methyl-1-phenyl-1,2,4,5-tetrahydro-3-benzazepin-8-ol (SCH23390), and sulpiride were purchased from Sigma-Aldrich. [S-(R*,R*)]- ethyl]amino]-2-hydroxypropyl](cyclohexylmethyl)phosphinic acid (CGP54626) was purchased from Tocris.
Locomotor activity. Locomotor activity studies were performed as described previously (Pravetoni and Wickman, 2008) . For acute cocaine studies, mice (4 -5 weeks) were acclimated over a 4 d period to handling and open-field chambers (1 h/d), receiving saline injections on days 3 (s 1 ) and 4 (s 2 ). On day 5, animals were given saline or cocaine (3, 15, 30 mg/kg, i.p.) . Some subjects were pretreated with saline, SCH23390 (0.18 mg/kg, i.p.), or sulpiride (50 mg/kg, i.p.) 30 min before the injection of saline or cocaine (15 mg/kg, i.p.). For repeated cocaine experiments, mice were acclimated over a 2 d period, followed by five consecutive daily injections of saline or cocaine (15 mg/kg, i.p.). In all instances, total distance traveled was measured over the 1 h postinjection interval.
Electrophysiology. Coronal slices containing the VTA (200 -225 m) were prepared from saline-and cocaine-treated wild-type mice (4 -6 weeks) 1-2, 3-5, or 10 -12 d after the final injection. All procedures related to slice preparation and measurement of GABA B R/baclofen-or D 2 R/quinpirole-induced responses in VTA DA neurons were recently described in detail (Arora et al., 2010) . Spontaneous EPSCs (sEPSCs) were measured over a 2-3 min period at a holding potential of Ϫ80 mV, in the presence of picrotoxin (100 M), in a subset of tested neurons. Kynurenic acid (2 mM) was applied to verify that observed events were mediated by ionotropic glutamate receptors. To determine the sensitivity of GABA B R-Girk signaling in VTA DA neurons, peak outward currents were measured following the successive application of 2, 20, and 200 M baclofen to the same cell. EC 50 values for baclofen activation of outward currents in VTA DA neurons from saline-and cocaine-treated mice were extracted from curves (least-squares) fitting mean peak currents evoked by each baclofen concentration in VTA DA neurons from saline-(n ϭ 8) and cocaine-treated (n ϭ 7) mice.
Quantitative real-time RT-PCR. Brains were extracted from mice (6 -8 weeks) 24 h after saline or cocaine injection (30 mg/kg, i.p.), and placed in ice-cold PBS; 600 m coronal sections were cut by vibratome. A blunt 16 gauge needle was used to core out tissue containing the VTA. Punches were frozen on crushed dry ice and stored at Ϫ80°C. Poly(A)ϩ mRNA was isolated using the RNeasy Plus Micro Kit (QIAGEN) and diluted in water to a final volume of 100 l. Real-time PCR was performed using the SYBR Green Brilliant II qRT-PCR kit and an MX3005P thermal cycler, following manufacturer's specifications (Agilent Technologies). qRT-PCR conditions, including oligonucleotide sequences, are available on request. GAPDH mRNA levels in each sample were used for normalization purposes using GAPDH QuantiTect oligonucleotides (QIAGEN). Samples were analyzed using the 2 Ϫ⌬⌬Ct method (Livak and Schmittgen, 2001) .
Immunohistochemistry. Twenty-four hours after injection of saline or cocaine (30 mg/kg, i.p.), male C57BL/6 mice (6 -8 weeks) were subjected to transcardial perfusion with Ca 2ϩ -free Tyrode's solution, followed by a 4% paraformaldehyde-based fixative. Brains were placed into a 10% sucrose solution and flash-frozen onto chucks for sectioning. Tissue from cocaine-and saline-treated mice (n ϭ 6/group) was embedded on separate blocks, frozen, cut in 10 m sections (coronal), and affixed to ProbeOn Plus microslides (Thermo Fisher Scientific). Sections were boiled in 10 mM citric acid, pH 6.0, incubated in 0.2% Triton X-100/0.2% Tween 20/TBS, and incubated overnight at room temperature with antibodies directed against tyrosine hydroxylase (TH) (1:1000; Pierce) in addition to either Girk2 (1:5000; Alomone Labs) or GABA B R1 (1:500). Antibodies were diluted in TBS containing 0.2% casein (USB) and 0.2% Tween 20. Sections were washed with TBS (three times, 20 min each) and incubated for 2 h at room temperature with 1:500 dilutions of Cy3-conjugated donkey-anti-rabbit and Cy2-conjugated donkey anti-sheep secondary antibodies (Jackson ImmunoResearch). Sections were washed with TBS (three times, 20 min each), dehydrated, cleared with xylenes, and coverslipped using DPX (Fluka).
Digital images were prepared for publication with Photoshop software (Adobe). Images were collected using a conventional fluorescence microscope (Olympus BX-50; Olympus) and a 40ϫ objective. TH immunoreactivity was used to identify VTA DA neurons and was thresholded automatically; the thresholded area was used to define the regions of interest. Mean pixel intensity of GABA B R1 or Girk2 labeling within those regions was measured on a scale from 0 to 255 using ImageJ.
Immunoelectron microscopy. Plasma membrane and intracellular levels of GABA B R1 and Girk2 in TH-positive dendrites of the VTA were measured 24 h following acute cocaine or saline injection using preembedding immunoelectron microscopy and quantitative analysis approach described previously (Koyrakh et al., 2005; Arora et al., 2010) . Primary antibodies included the following: monoclonal antibody anti-TH (Calbiochem), rabbit polyclonal anti-GABA B R1 (B17), and guinea-pig polyclonal anti-Girk2 (Aguado et al., 2008) . TH immunoreactivity was visualized by the immunoperoxidase reaction, while Girk2 or GABA B R1 immunoreactivity was visualized by the silver-intensified immunogold reaction. Secondary antibody mixtures included the following: goat antirabbit (Fab fragment; diluted 1:100) coupled to 1.4 nm gold (Nanoprobes), goat anti-guinea pig (Fab fragment; diluted 1:100) coupled to 1.4 nm gold (Nanoprobes), and biotinylated goat anti-mouse (diluted 1:100; Vector Laboratories). All antibodies were diluted in 1% NGS/TBS.
To test the method specificity of the electron microscopy procedures, the primary antibody was omitted or replaced with 5% (v/v) normal serum of the species of the primary antibody. Under these conditions, no selective labeling was observed. In addition, some sections were incubated with both gold-labeled and biotinylated secondary antibodies, followed by the ABC complex and peroxidase reaction without silver intensification. This resulted in amorphous horseradish peroxisade (HRP) end product, and no metal particles were detected. Using the same sequence but with silver intensification and without the HRP reaction, resulted in silver grains but no amorphous HRP end product. Under these conditions, only infrequent small patches of HRP end product were detected, and the patches were not associated selectively with any particular cellular profile. In addition, the selective location of the signals in structures labeled with only one or the other of the signaling products within the same section, as well as having side-by-side double-labeled structures, showed that the procedures did not produce false-positive double-labeling results.
For each experimental group, a total of nine tissue blocks were obtained (three animals per group and three samples per animal). Electronmicroscopic ultrathin sections were cut close to the surface of each block because immunoreactivity decreased with depth. Randomly selected areas were captured at a final magnification of 50,000ϫ, and measurements covered a total section area of 6000 m 2 . TH-positive dendritic shafts were assessed for the presence of immunoparticles for Girk2 or GABA B R1. In total, 75 dendrites were selected, and the area of individual dendritic profiles was measured. The density of Girk2 or GABA B R1 on the plasma membrane of TH-positive neurons was measured as the number of immunoparticles per square micrometer.
Data analysis. Data are presented throughout as the mean Ϯ SEM. Statistical analyses were performed using GraphPad Prism (GraphPad Software) and SigmaPlot (Systat Software). sEPSCs were analyzed using Minianalysis software (Synaptosoft) . No gender differences in motor activity, or any electrophysiological parameter, were observed. As such, data from male and female mice were pooled to increase the power of the studies. Group comparisons of motor activity data were performed with one-way, two-way, and two-way repeated-measures ANOVA. Immunoelectron microscopy data was analyzed using a Mann-Whitney rank sum test, while electrophysiological data were analyzed with Student's t test, one-way, or two-way ANOVA. Tukey's multiple-comparison and Student-Newman-Keuls post hoc tests were used for pairwise comparisons when significant group-dependent differences were observed.
Results
To evaluate the effects of acute cocaine exposure on GABA B RGirk signaling, baclofen-induced somatodendritic currents were measured in VTA DA neurons in acutely isolated slices from C57BL/6 mice (4 -6 weeks), 1-12 d following a single cocaine injection (3, 15, 30 mg/kg, i.p.). Cells exhibiting relatively large capacitances (Ͼ50 pF), I h currents (Ͼ100 pA at Ϫ120 mV), moderate and stable spontaneous activities (1-5 Hz), and relatively long action potential durations (APDs) (APD Ͼ 2.5 ms) were targeted, as this collective profile correlates well with expression of the DA neuron-specific markers tyrosine hydroxylase and Pitx3 (Grace and Onn, 1989; Johnson and North, 1992; Neuhoff et al., 2002; Mathon et al., 2005; Labouèbe et al., 2007) .
Acute cocaine induced a dose-dependent increase in locomotor activity (Fig. 1a) . As shown previously (Cruz et al., 2004; Arora et al., 2010) , the GABA B R agonist baclofen evoked robust outward Girk-dependent currents in VTA DA neurons from saline-treated mice that correlated with a decrease in input resistance (data not shown) and showed a characteristic acute desensitization (Fig. 1b) . Baclofen-evoked currents were significantly reduced in cocaine-treated mice for up 3-5 d, but not 10 -12 d following cocaine exposure, with maximal suppression seen at 1-2 d and 15 mg/kg cocaine (Fig. 1c) . The reduction in baclofeninduced currents seen in VTA DA neurons from cocaine-treated mice did not correlate with differences in key electrophysiological properties of the VTA DA neurons in question, including apparent capacitance, input resistance, I h current amplitude, spontaneous firing rate, or action potential duration (Table 1) .
Following reversal of the baclofen-induced current by the GABA B R antagonist CGP54626, some VTA DA neurons were challenged with a saturating concentration (10 M) of the D 2 R receptor agonist quinpirole, which also activates Girk channels in midbrain DA neurons (Beckstead et al., 2004) . Quinpiroleinduced currents measured in VTA DA neurons were not strongly influenced by prior baclofen exposure, but were consistently and substantially smaller than baclofen-induced responses measured in the same neurons (data not shown). More importantly, quinpirole-induced currents measured in VTA DA neurons from cocaine-treated mice (15 mg/kg, 1-2 d after injection) were significantly smaller (20 Ϯ 3 pA; n ϭ 20; t (37) ϭ 3.2; p Ͻ 0.01) than quinpirole-induced currents in VTA DA neurons from salinetreated controls (47 Ϯ 8 pA; n ϭ 19). Thus, somatodendritic Girk channel currents linked to two distinct G-protein-coupled receptors in VTA DA neurons were suppressed by acute cocaine exposure. Cocaine suppresses inhibitory signaling in VTA DA neurons. a, Total distance traveled on test day by C57BL/6J mice (7-25 per group) following administration of saline (sal) or cocaine (3, 15, 30 mg/kg; F (3,54) ϭ 21.8; p Ͻ 0.001); activity was monitored for 1 h after injection. The diagram above the plot depicts the schedule of subject handling, which included 4 acclimation days, a test day, and three distinct time frames (1-2, 3-5, 10 -12 d after injection) within which all electrophysiological assessments were made. b, Representative somatodendritic currents (V hold ϭ Ϫ60 mV) evoked by a saturating concentration of baclofen (200 M) in VTA DA neurons from mice treated on test day with saline or cocaine (15 mg/kg). The lines above the traces denote the duration of drug application. Baclofen-induced currents were reversed by the GABA B R antagonist CGP54626 (2 M; CGP). c, Mean baclofen-induced currents in VTA DA neurons from saline-and cocaine-treated mice (n ϭ 5-24 per group). The x-axis labels refer to the type of test day injection. The labels above the bars denote the time frame (in days after injection) of the recordings. Significant effects of cocaine dose (F (3,57) ϭ 7.2; p Ͻ 0.001), in addition to recording time frame (1-2, 3-5, 10 -12 d) on baclofen-induced currents were observed among animals treated with 15 mg/kg cocaine (F (3,59) ϭ 8.0; p Ͻ 0.001). d, Mean peak currents (in picoamperes) triggered by increasing concentrations of baclofen (2, 20, 200 M) applied to the same cell in slices from mice treated with either saline or 30 mg/kg cocaine (1-2 d after injection). Two-way ANOVA revealed significant main effects of drug (F (1,45) ϭ 15.1; p Ͻ 0.001) and baclofen concentration (F (2,45) ϭ 33.7; p Ͻ 0.001), but no drug by baclofen concentration interaction (F (2,45) ϭ 1.4; p ϭ 0.3), consistent with the lack of impact of cocaine treatment on the sensitivity of GABA B R-Girk signaling in VTA DA neurons. Maximum current amplitudes were slightly smaller than those measured in cells receiving a single saturating baclofen exposure, likely attributable to desensitization triggered by successive baclofen applications. e, Representative sEPSCs measured in VTA DA neurons 1-2 d after the injection of saline or cocaine. sEPSCs in control and cocaine-treated mice were blocked by kynurenic acid (2 mM). f, Mean sEPSC frequency (F (4,61) ϭ 15.5; p Ͻ 0.001) across the six groups (n ϭ 4 -23 per group). Data from saline-treated subjects were pooled as recording time frame did not affect currents, sEPSC amplitudes, or sEPSC frequencies. *p Ͻ 0.01, **p Ͻ 0.05, and ***p Ͻ 0.001, respectively, versus sal. Error bars indicate SEM.
The sensitivity of Girk channels in VTA DA neurons to GABA B R activation is dependent on the RGS family member RGS2, expression of which can be influenced by exposure to drugs of abuse (Labouèbe et al., 2007) . Thus, we next examined the impact of acute cocaine exposure on the sensitivity of GABA B R-Girk signaling by applying increasing concentrations of baclofen (2, 20, 200 M) to cells 1-2 d following saline or cocaine treatment. While VTA DA neurons from cocaine-treated mice displayed a reduction in peak current amplitude at each concentration tested (Fig. 1d) , the mean EC 50 values for baclofen activation of Girk current in VTA DA neurons from saline-(12 Ϯ 2 M) and cocaine-treated (15 Ϯ 2 M) mice were not significantly different ( p ϭ 0.7). Thus, acute cocaine does not alter the sensitivity of GABA B R-Girk signaling in VTA DA neurons. Furthermore, currents evoked by a single saturating dose (saline, 159 Ϯ 38 pA; cocaine, 227 Ϯ 51 pA; n ϭ 5-6 per group, t (9) ϭ 1.0, p ϭ 0.3) of baclofen in DA neurons from the SN pars compacta were not reduced by cocaine exposure (data not shown), suggesting that the cocaineinduced adaptation in GABA B R-Girk signaling is selective for DA neurons of the VTA.
Previous studies have shown that acute cocaine enhances AMPA-dependent glutamatergic signaling (Ungless et al., 2001; Argilli et al., 2008) . Consistent with these findings, we observed that a single cocaine exposure induced a dose-dependent increase in the frequency of spontaneous glutamatergic EPSCs (sEPSCs) in VTA DA neurons measured 1-2 d after injection compared with saline-treated controls (Fig. 1e,f ) . Only a modest impact (ϳ10%) of cocaine on sEPSC amplitude was observed, and only at the highest cocaine dose tested (30 mg/kg) (data not shown). No significant differences between saline and cocaine treatment groups were observed with respect to sEPSC frequency or amplitude at 3-5 or 10 -12 d following injection. Thus, acute cocaine exposure triggers transient adaptations in both Girk and glutamatergic signaling in VTA DA neurons.
To determine whether repeated cocaine administration potentiates the magnitude or duration of the decreased GABA B R-Girk signaling triggered by acute cocaine, VTA slices were prepared from mice receiving five daily injections of cocaine (15 mg/kg) or saline 1-2 or 10 -12 d following the final injection. Cocaine-treated mice displayed enhanced locomotor activity on the fifth compared with the first injection day, indicative of behavioral sensitization (Fig. 2a) . Mice receiving multiple injections of cocaine exhibited a decrease in baclofen-induced currents at 1-2 d but not 10 -12 d after the final injection as compared with saline controls (Fig. 2b,c) . The magnitude of this decrease in GABA B R-Girk signaling triggered by repeated cocaine, however, was comparable with that elicited by a single cocaine exposure.
The cocaine-induced decrease in GABA B R-Girk signaling could be explained by a downregulation of one or more elements of the GABA B R-Girk signaling pathway in VTA DA neurons. Therefore, we used quantitative RT-PCR to measure the impact of acute cocaine (30 mg/kg, i.p.) on the levels of GABA B R1, Girk2, Figure 2 . Repeated cocaine dosing decreases GABA B R-Girk signaling in VTA DA neurons. a, Total distance traveled by mice (n ϭ 5-17 per group) at three stages of a repeated cocaine dosing regimen, depicted left of the plot. Subjects were randomly assigned to saline (white) or cocaine (15 mg/kg; gray) groups; activity was assessed after injection of saline (s 2 acclimation day) and after the first and fifth cocaine injection days. Two-way ANOVA revealed a drug by day interaction (F (2,56) ϭ 26.1; p Ͻ 0.001). Only within-drug comparisons are displayed on the plot. ***p Ͻ 0.001 versus saline (s 2 ) activity; ### p Ͻ 0.001. b, Representative currents evoked by 200 M baclofen in VTA DA neurons from mice given repeated saline or cocaine (15 mg/kg) injections; recordings were made 1-2 d following the last injection. c, Mean baclofen-induced peak currents measured 1-2 and 10 -12 d following the last injection of saline or cocaine (n ϭ 6 -14 per group; F (2,25) ϭ 5.4; p Ͻ 0.05). Data from saline-treated subjects were pooled as recording time frame did not affect baclofen-induced currents. **p Ͻ 0.01 versus saline group. Error bars indicate SEM. Summary electrophysiological properties of VTA DA neurons measured as part of the study depicted in Figure 1C . The time frame (in days after injection) during which electrophysiological recordings were made in VTA DA neurons from cocaine-treated mice is noted in parentheses next to the cocaine dose that was administered. Data were compiled from a total of N different mice per group and n total cells. Cocaine treatment had no significant impact on cell capacitance (C M and Rgs2 mRNAs in VTA-enriched micropunches. No significant difference was observed between saline-and cocainetreated mice in the level of GABA B R1 [mean Ct value (CV); saline, 6.9 Ϯ 0.3, vs cocaine, 6.8 Ϯ 0.2; n ϭ 4/group; t (6) ϭ 0.29, p ϭ 0.8], Girk2 (CV; saline, 11.8 Ϯ 0.4, vs cocaine, 11.7 Ϯ 0.3; n ϭ 4/group; t (6) ϭ 0.14, p ϭ 0.9), or Rgs2 (CV; saline, 7.7 Ϯ 0.2, vs cocaine, 7.8 Ϯ 0.2; n ϭ 3/group; t (4) ϭ Ϫ0.47, p ϭ 0.7) mRNA in the VTA. Given the cell type specificity of the cocaine-induced adaptation, and the heterogeneity of cell types in the VTA, quantitative immunohistochemistry and immunoelectron microscopy approaches were used to measure the impact of acute cocaine on GABA B R1 (Fig. 3a-c) and Girk2 (Fig. 3d-f ) protein in THpositive regions of the VTA. No significant difference was detected between saline-and cocaine-treated mice in the levels of total GABA B R1 (saline, 72.5 Ϯ 6.1, vs cocaine, 82.6 Ϯ 4.2 pixels; t (9) ϭ Ϫ1.4, p ϭ 0.2) or Girk2 (saline, 78.6 Ϯ 9.5, vs cocaine, 67.2 Ϯ 4.8 pixels; t (6) ϭ 1.1, p ϭ 0.3) proteins in TH-positive regions of the VTA (n ϭ 5-6 per group). We did, however, detect a significant cocaine-induced decrease in the density of Girk2 (Fig. 3g,h ; median immunoparticles/m 2 ; saline, 1.9, vs cocaine, 0.7; n ϭ 49 -54; U ϭ 593, p Ͻ 0.001) but not GABA B R1 (data not shown) (median immunoparticles/m 2 ; saline, 1.1, vs cocaine, 1.1; n ϭ 52-54; U ϭ 1376, p ϭ 0.9) proteins in the plasma membrane of THϩ dendrites of the VTA. Thus, the acute cocaine-induced suppression of somatodendritic Girk signaling in VTA DA neurons is mirrored by a reduction in Girk2-containing channels in dendritic membranes.
Systemic cocaine increases DA levels in the VTA and in downstream targets of the VTA, including the NAcc (Einhorn et al., 1988) . As such, a separate cohort of mice was challenged with cocaine or saline following pretreatment (intraperitoneally; 30 min) with the D 1/5 R antagonist SCH23390 or the D 2/3 R antagonist sulpiride to test whether the cocaineinduced suppression of GABA B R-Girk signaling was mediated by activation of DA signaling pathways. SCH23390 (0.18 mg/kg, i.p.) tempered saline-induced motor activity while completely blocking cocaine-induced activity, consistent with previously published reports in mice (Cabib et al., 1991) (Fig. 4a) . SCH23390 pretreatment did not, however, prevent the adaptation in baclofen-evoked currents in VTA DA neurons measured 1-2 d after injection (Fig. 4b,c) . Sulpiride pretreatment (50 mg/kg, i.p.), in contrast, inhibited saline-induced motor activity but had no effect on cocaine-induced activity, also consistent with published reports (Cabib et al., 1991; Chausmer and Katz, 2001) . Sulpiride pretreatment blocked the acute cocaine-induced suppression of baclofen-evoked currents in VTA DA neurons (Fig. 4b,c) . Thus, the cocaine-induced suppression of GABA B R-Girk signaling in VTA DA neurons is dependent on D 2/3 R, but not D 1/5 R, activation.
Discussion
The present study provides the first indication that a single exposure to cocaine triggers a robust suppression of somatodendritic Girk signaling in VTA (but not SN) DA neurons, an effect that persists up to 4 d following drug exposure and is paralleled by enhanced glutamatergic signaling in the same neurons. Moreover, the magnitude of the cocaine-induced suppression of somatodendritic Girk signaling was comparable following acute or repeated exposure. This reduction is mirrored by a cocaine-induced decrease in the density of Girk2-containing channels at the plasma membrane of TH-positive dendrites. Furthermore, the acute cocaine-induced suppression of somatodendritic Girk signaling in VTA DA neurons is dependent on D 2/3 R activation, as prior blockade of D 2/3 R-but not D 1/ 5R-dependent signaling prevented this adaptation. showing immunoreactivity for TH in red and either GABA B R1 (c) or Girk2 (f ) in green. The arrowheads show some examples of neurons exhibiting clear somatic labeling for TH and either GABA B R1 or Girk2. Abbreviations: MN, Mammillary nuclei; PBP, parabrachial pigmented nucleus; SN, substantia nigra. Immunoreactivity for Girk2 in VTA DA neurons from saline-(g) or cocainetreated (h) dopaminergic neurons of the VTA, as detected using preembedding dual-labeling immunoelectron microscopy. In control conditions, the peroxidase reaction product (TH immunoreactivity) filled dendritic shafts (Den), whereas immunoparticles (Girk2 immunoreactivity) were located along the extrasynaptic plasma membrane (arrows) and at intracellular sites (crossed arrows). A reduction in Girk2 immunoreactivity along the plasma membrane (arrows) was evident 24 h following an acute injection of 30 mg/kg cocaine. Scale bar, 0.5 m. # p Ͻ 0.05 and ### p Ͻ 0.001, respectively, versus sal pretreatment group. b, Representative currents evoked by 200 M baclofen in VTA DA neurons from cocainetreated mice pretreated with either SCH23390 or sulpiride. c, Mean baclofen-induced somatodendritic currents in neurons from saline-and cocaine-treated mice (n ϭ 7-24 per group). All recordings were made 1-2 d after test day injection. Two-way ANOVA revealed main effects of pretreatment (F (2,72) ϭ 6.9; p Ͻ 0.01) and drug (F (1,72) ϭ 11.1; p Ͻ 0.01), but no interaction (F (2,72) ϭ 0.8; p ϭ 0.5). As such, only within-drug comparisons are presented. Note that pretreatment condition had no significant effect on baclofen-induced currents among saline-treated mice. **p Ͻ 0.01 and ***p Ͻ 0.001, respectively. Error bars indicate SEM.
